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Abstract 
Integrated piezoelectric transducers based on PiezoMUMPs technology have been designed and fabricated with applications to 
the field of resonant sensors for aromatic compounds detection in urban and industrial areas. The chemical interface will be based 
on supramolecular receptors, attached to a ZnO layer, that are able to selectively detect benzene molecules. Several mechanical 
structures have been conceived, here a preliminary study has been performed considering a clamped-clamped device. The effect 
of receptors placed on Zinc Oxide substrate, deposited on the surface of resonant cantilevers, has been investigated. Furthermore 
methodologies, design, microscale fabrication and experimental results are also presented. 
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1. Introduction 
Air pollution is a major environmental problem both in urban and industrial areas [1]. High aromatic compounds 
concentrations (that are due primarily to fuel burning, cars, trucks and manufacturing processes) can be harmful for 
human health and the environment: people exposed to benzene, that is the most “common air pollutant”, at sufficient 
concentrations may cause various health effects, including cancer, damage to the immune system, as well as 
neurological, respiratory, and other health problems [2]. For this reasons it is essential to collect reliable information 
about air quality [3]. It is worth nothing that the concentration of pollutants in the air changes during the course of 
the day, therefore a real-time monitoring system should be considered [4]. 
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In [5] a real-time measurement of air toxic emission has been performed by using resonance-enhanced 
multi-photon ionization. The proposed system has been used to monitor rapid variation of aromatic emissions 
including benzene, PM, CO, and CO2. In [6] authors propose a more compact device, having high performance in 
terms of efficiency and low cost, oriented to detect volatile organic compounds.Therefore, in [7] a hybrid sensor for 
monitoring volatile organic compounds in air has been proposed. The sensing element has been functionalized with 
molecular imprinted polymers for selective binding to benzene, toluene, ethylbenzene. It represents a more simple 
and more compact solution (0.1×0.5×3 mm3), compared to previous approaches; it is suitable  for occupational, 
environmental health, and epidemiological applications. In [8] authors present an overview about the state of the art 
and novel technologies used in microsensors with applications to environmental monitoring of aromatic compounds 
highlighting design, methodology, fabrication technologies and miniaturization processes (less than few 
millimeters). In this context, several studies have been proposed developing novel MEMS-based gas sensors and 
integrated devices based on various readout such as electromagnetic, electrostatic and piezoelectric [9]. In particular 
stacked piezoelectric layers will be considered in this paper as transduction mechanisms of a micromachined device 
(based on PiezoMUMPs process) in order to produce a mechano-electric converter, without the adoption of 
polarization signal (i.e. required in electrostatic readout) or integrated inductors (i.e. adopted in electromagnetic 
transduction). It should be noted that few studies have been found in literature to deal with practical development 
issues related to micromachined resonators based on PiezoMUMPs technology that are: particularly convenient in 
small electronics, simple devices, thermally stable over a wide range of temperatures, robust and able to operate in 
harsh environmental conditions [10]. Here we address both these issues proposing a novel integrated piezoelectric 
transducers based on PiezoMUMPs technology designed and fabricated with applications to the field of resonant 
sensors for aromatic compounds. An experimental prototype has been developed, analytic models have been derived 
and matched with experimental findings. Moreover results from a preliminary experimental validation campaign are 
reported. 
2. Design of the PiezoMUMPs prototype 
A MEMS device has been designed based on the PiezoMUMPS technology, optimization of the resonator 
parameters has been performed by using both finite element methods and energy based approach to obtain analytic 
formulas for the prominent mechanical parameters. The goal consists in the study of the natural frequency response 
of the resonator and of its variation as function of  selective supramolecular receptors located on the top of its 
surface that will be preliminary covered with ZnO with the goal to enhance the active surface. The integrated device 
has been developed by using the PiezoMUMPs technology (offered by MEMSCAP [11]). A Silicon On Insulator 
(SOI) wafer based on 10 ȝm uppersilicon layer and 400 ȝm thick of substrate with 1 ȝm of buried oxide has been 
used and a backside DRIE etching procedure has been performed to suspend structures. A surface micromachining 
has been conducted on top of the 10 ȝm doped-silicon layer. An AlN layer has been used as active material in order 
to convert displacement of the bridge into electrical output. Furthermore a layer of aluminum and chromium 
(1.1 ȝm) has been added in order to contact the AlN. Fig. 1(a) shows the PiezoMUMPs cross-sectional area. The 
designed and realized DIE are shown in Fig.1(b) and Fig.1(c) respectively, in particular the investigated device is a 
suspended clamped-clamped structure having a large surface area useful to enhance the device sensitivity in 
accordance with the following dimensions: Length=8500ȝm, Width=800ȝm.  
3. Setup and experimental results 
The device conceived is aimed to respond with a change in its resonant frequency to the presence of organic 
volatile compounds that will selectively attach to the supramolecular receptors. A ZnO layer will also be included in 
the MEMS device in order to increase the active surface. The two process have been separately characterized. Fig.2 
shows the thin film of ZnO deposited through PPD (Pulsed Plasma Deposition): about 1.6 μm of zinc oxide that will 
be able to host the supramolecular compound that collects molecules of benzene. The deposition has been 
successfully performed after about 5x104 pulses. The setup used to study the mechanical response of the system is 
composed of four actuators (piezoceramic elements) located on the bottom of the DIE as shown in Fig.3.  This 
solution allows to apply external vibrations that in turn will induce a displacement to the MEMS structure.  
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Fig. 1. (a) Cross section of PiezoMUMPs technology [11], (b) Layout of the PiezoMUMPs device.(c) SEM image of the clamped-clamped 
structure. 
 
The device behaviour will be therefore perturbed by the presence of the active layer made up by the ZnO plus the 
supramolecular compound used to capture the target molecules.  
The effect of the presence of supramolecular compound on the suspended bridge has been also characterized. The 
experiments have been conducted by using both the time domain response and the FFT of the output voltage (see 
Fig.4) as consequence of a step signal (impressed though the four piezoceramic elements) having a maximum 
amplitude of about 5.7 m/s2.  The effects of the presence of Zinc Oxide layer have been studied. 
 
As it can be noted a frequency shift dictated by the presence of host layer for receptors has been obtained as in the 
case reported in Fig.4 when an acceleration amplitude applied to the external actuators of  about 1.9 m/s2. In the 
absence of the added layer a spike at about 1600 Hz has been observed considering several excitation amplitudes 
(3.8 m/s2 and 5.7 m/s2). In absence of external step the mechanical response disappears (blue line). A maximum 
output voltage of about 20 mV has been observed in presence of acceleration of about 5 m/s2. The natural frequency 
is coherently obtained with respect to the model [12] prediction, a frequency shift of 170 Hz is observed from the 
experiments due to the presence of the receptor film.  
4. Conclusions and future work 
In conclusion a MEMS device designed and fabricated by using PiezoMUMPS technology has been presented here. 
Some preliminary characterizations of the different modules that are intended to be used in the overall transduction 
mechanism has been discussed and individually experimentally validated. The future activities will include a study 
of the complete device where the receptors, linked with and without the benzene particles, will be deposited over the 
ZnO substrate. An exhaustive characterization will be also conducted.  
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Fig. 2. (a) SEM picture showing the morphology of the ZnO layer deposited via PPD at 400 °C. (b) Measured thickness of the deposited ZnO 
layer. 
 
 
 
 
 
 
 
 
 
Fig. 3. Experimental setup used to apply mechanical stimulus to the suspended MEMS device by using external piezo ceramic actuators. 
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Fig. 4. Time domain (a) and frequency domain response (b). Each graph is normalized to its maximum value of amplitude. 
